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ABSTRACT 
 
The present study has analyzed the correlation between the exposure to air pollutants during gestation 
and the occurrence of perinatal death, from 2009 to 2013, in the city of São Luís, Maranhão. A 
retrospective ecological study was carried out with data reported in the Mortality Information System 
(SIM) and daily measurements of particulate matter with a diameter of less than 10 microns (PM10) 
and total suspended particles (PTS). Spearman's non-parametric correlation coefficient was used with 
a significance level of 5%. There was a significant positive correlation between the concentration of 
PM10 and perinatal deaths, as well as between the concentration of PM10 and the perinatal mortality 
coefficient. In addition, the concentration of PM10 and the number of live births were also correlated. 
There was a non-significant negative correlation with PTS. The results presented indirectly suggest 
that pregnancy exposure to certain types of air pollutants may be associated with perinatal mortality. 
Although the strength of association was medium rather than individual, consistent literature and 
biological plausibility may be important for interpreting the results described. 
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RESUMO 
 
O presente estudo analisou a correlação entre a exposição a poluentes atmosféricos na gestação e a 
ocorrência de óbito perinatais, no período de 2009 a 2013, no município de São Luís, Maranhão. 
Realizou-se um estudo ecológico retrospectivo com os dados notificados no Sistema de Informação 
de Mortalidade (SIM) e as medições diárias de material particulado com diâmetro inferior a 10 micras 
(PM10) e partículas totais suspenses (PTS). Utilizou-se a estatística não paramétrica de correlação de 
Spearman com nível de significância de 5%. Houve correlação positiva significante entre a 
concentração de PM10 e óbitos perinatais, bem como entre a concentração de PM10 e o coeficiente de 
mortalidade perinatal. Além disso, correlacionaram-se também a concentração de PM10 e o número 
de nascidos vivos. Houve correlação negativa não-significativa com PTS. Os resultados apresentados 
sugerem indiretamente que a exposição na gravidez a determinados tipos de poluentes atmosféricos 
pode estar associada à mortalidade perinatal. Embora a força de associação tenha sido média e não 
individual, a consistente literatura e plausibilidade biológica podem ser importantes para a 
interpretação dos resultados descritos.  
 
Palavras-chave: Óbitos perinatais; Poluentes atmosféricos; Estudo agregado. 
 
1 INTRODUCTION 
Perinatal mortality has been a major public health problem in developing countries, mainly 
due to the decline of the post-neonatal component in infant mortality. The study of this outcome may 
reveal valuable information about the quality of care in pregnancy, delivery and the first days of life 
of the newborn. Therefore, it is one of the health measures most used to assess quality and access to 
obstetric and neonatal care and is an indicator of living conditions, since access to quality health care 
reflects the socioeconomic level of different social groups (ANDRADE et al., 2004). 
 The World Health Organization defines the perinatal period from 22 completed weeks (or 
154 days) gestation to seven days following birth (WHO, 2013). 
The stage between conception and birth is one of the most vulnerable phases of life because 
it represents a phase of great maturation and change in the development of organs. It is recognized 
that exposure to toxic substances in fetal and early childhood can result in diseases and disorders 
throughout life. The developing fetus has an immature immune system and is less proficient in the 
elimination of air pollutants, and there is a greater susceptibility to infections during the initial period 
of childhood (PERIGO et al., 2012; PERERA et al., 1999). 
Among the substances toxic to fetuses, the chemical composition of traffic-related air 
pollution (TRAP) stands out. TRAP refers to air pollutants emitted by motor vehicles, including 
carbon monoxide (CO), carbon dioxide (CO2), hydrocarbons, particulate matter (PM), nitrogen 
oxides (NO and NO2), as well as toxicants of origin such as benzene, formaldehyde, acetaldehyde 
and 1,3-butadiene. Increasing fleets of large vehicles and trucks and increasing traffic congestion and 
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urbanization have amplified concerns about exposure to low quality air from traffic sources (HEI, 
2010). 
Recent studies have shown associations between exposure to atmospheric pollutants in 
pregnancy and the occurrence of early fetal and neonatal deaths (MEDEIROS et al., 2009). On the 
other hand, a systematic review of 15 studies published between 1966 and 2003 did not show 
consistent evidence for an association between air pollution by total suspended particulate matter 
(PTS), PM10 and PM2.5 and neonatal mortality (GLINIANAIA et al.,2004) 
Based on the foregoing, this study intends to evaluate the correlation between perinatal (fetal 
and neonatal early) mortality with PM10 and PTS values in the island of São Luís, Maranhão. 
 
2 MATERIAL AND METHODS 
A population-based study was carried out evaluating the mean level of exposure in relation to 
the outcome analyzed. Data from the Mortality Information System (SIM) in the period from 2009 to 
2013 on perinatal deaths (dependent variable) were analyzed. 
The dependent variable was expressed as the absolute number of perinatal deaths (22 weeks 
of gestation and more and neonatal premature - 0 to 6 complete days of life) or perinatal mortality 
rate (number of perinatal deaths per thousand births, resident population and geographic space, in the 
years considered). 
As independent variables, concentrations of inhalable particles with a diameter of less than 10 
μm (PM10) and Total Suspended Particles - PTS (<100 μm) were analyzed. 
The pollutant concentration data were obtained from six automatic air quality monitoring 
stations and a 24-hour meteorological monitoring station on the island of São Luís. 
The values of the pollutants were compared with the guidelines of Resolution 003/90 of the 
National Environmental Council (CONAMA). The Spearman rank coefficient () was used to 
correlate the selected indicators with the concentration of pollutant particles with significance level 
of 5%. The program Bioestat 5.0 was used to perform the statistical analyzes. 
 
3 RESULTS 
During the study period, 88,633 live children were born for a total of 5,392 perinatal deaths. 
The overall perinatal mortality rate in the period was 6.08%, with a peak in the last year of study 
(6.44% or 64.4 per 1,000 births). On the other hand, the absolute number of perinatal deaths decreases 
discretely (-1.42%), as well as the number of live births (-1.83%). 
The monthly variation in pollutant concentrations was within the air quality standards, with 
the exception of November 2010, whose PTS value was 83.5μg/m3. 
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The mean values for the study period for the pollutants studied were: PM10 (22.42μg/m3 ± 
3.34μg/m3) and PTS (43.20μg/m3 ± 4.69μg/m3). 
There was a significant positive correlation between the concentration of PM10 and perinatal 
deaths ( = 0.65, p <0.05), as well as between the concentration of PM10 and the perinatal mortality 
coefficient ( = 0.88, p = 0.04). In addition, the concentration of PM10 and the number of live births 
(= -0.90, p = 0.04) were also correlated. There was a non-significant negative correlation with PTS 
( = -0.71, p = 0.13). 
 
4 DISCUSSION 
This study has used the aggregate approach to relate the occurrence of perinatal deaths (or the 
perinatal mortality rate) and the mean atmospheric pollutant concentration (PM10 and PTS). 
Perinatal deaths include fetal and child deaths from 0 to 6 full days of life. In Brazil, with the 
decrease in deaths due to poor general health conditions, neonatal deaths increased, especially the 
early ones, and fetal deaths, which make up perinatal deaths, are also more important (NOVAES; 
GOUVEIA; MEDEIROS, 2010). 
The results found in this study reinforce the correlation between maternal exposure to 
pollutant gases and the occurrence of perinatal deaths, especially in relation to PM10, which was 
positively related to perinatal deaths and the perinatal mortality coefficient. 
Studies conducted in southeastern Brazil have shown direct positive associations with 
environmental levels of carbon monoxide (CO) and late fetal losses. The authors of the study were 
able to demonstrate the presence of carboxyhemoglobin in the umbilical cord of fetuses and its 
relationship with CO levels, thus demonstrating pregnancy exposure (PEREIRA et al., 1998). 
Another case-control study, conducted in the southern region of the city of São Paulo and 
using geoprocessing data, showed an increase in the risk of early neonatal death among mothers 
exposed to the higher traffic volumes of vehicles near the maternal residence, indirect measurement 
of exposure to air pollution (MEDEIROS et al., 2009). 
Still in the state of São Paulo, researchers using a time-series study and Poison regression 
investigated the association between neonatal deaths and late fetal deaths with acute exposure to air 
pollution in 1998. A significant association was found between late fetal deaths and the levels of O3 
and NO2. The estimated increase in mortality associated with these pollutants was 3.5 and 4%, 
respectively. For neonatal mortality, a significant association was observed with O3 PM10 S02 and 
NO2, and the estimated increase in mortality was 10% (NISHIOKA et al., 2000). 
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Increases in interquartile range in PM10 (23.3 μg/m3) and SO2 (9.2μg/m3) were associated with 
increases of 4% and 6%, respectively, in neonatal mortality in the city of São Paulo between 1998 
and 2000 (LIN et al., 2004). 
On the other hand, in a systematic review of 15 studies published between 1966 and 2003, it 
did not show consistent evidence of an association between perinatal mortality and total suspended 
particulates, PM10 and PM2.5 (GLINIANAIA et al., 2004). 
The divergent results of the studies may be the result of different methods for measuring 
exposure to air pollutants, type of epidemiological design adopted and periods of exposure 
(gestational trimesters). However, some studies indicate that air pollution interferes with the 
anatomopathological and morphometric differences of the placenta, as well as the occurrence of 
placental infarction and chronic villi, since pollutants can affect the transport of oxygen and also 
increase blood viscosity due to a inflammatory response due to oxidative stress (KANNAN et al., 
2006). 
Despite the significant findings regarding the correlation between the concentration of PM10 
and perinatal mortality, this study has the limitation of using secondary data and subject to ecological 
fallacy, which indicates the realization of longitudinal delineations to verify a possible association 
between the outcome studied and pollution as well as its statistical strength. 
 
5 FINAL CONSIDERATIONS 
The results presented indirectly suggest that pregnancy exposure to certain types of air 
pollutants may be associated with perinatal mortality. Although the strength of association was 
medium rather than individual, consistent literature and biological plausibility may be important for 
interpreting the results described. Therefore, it is essential to adopt policies aimed at reducing the 
emission of gaseous pollutants, since there are no safe levels of concentration of atmospheric 
pollutants for human health, because even at levels below the standards established by law, the 
harmful effects on health are likely to occur. 
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